We have exhaustively investigated the constituents of the water-soluble portion of fennel, the fruit of Foeniculum vulgare MILLER (Umbelliferae), and reported the isolation and characterization of alkyl glycosides, 1) aromatic compound glycosides,
glucides and nucleosides. 4) Herein, we describe the isolation and structure elucidation of chromanone derivative and phenylethanoid glycosides from the water-soluble fraction. We also examined the constituents of the ether-soluble portion, and a threo-epoxyanethole was obtained together with sterols and a triterpenoid.
The methanolic extract of commercial fennel was treated as described in the Experimental section, and from the watersoluble portion, glycosides 1 to 6 were isolated. Glycoside 1 (C 20 (Tables 1 and 2) showed the presence of one b-D-glucopyranosyl, 1,2,4,5-tetrasubstituted benzene, gem-dimethyl groups, three methylenes, one carboxyl group, and one carbonyl carbon. The analysis of heteronuclear multiple-bond correlation (HMBC) spectral and 1 H-1 H COSY spectral data ( Fig. 1 , shown in heavy lines and dotted line) suggested that the aglycone of 1 was a chromanone derivative having two tert-methyls at C-2, a carboxyethyl group at C-6 and a hydroxyl group at C-7. The location of the glucosyl unit was determined to be C-7 by correlation between C-7 and the glucosyl H-1 signals in the HMBC spectrum. Therefore, 1 was characterized as 6-carboxyethyl-7-hydroxy-2,2-dimethylchromanone 7-O-b-Dglucopyranoside. ϩ ion peaks at m/z 361 and 181 in the positive FAB-MS. The NMR revealed 3 to have one b-D-glucopyranosyl, one 1,3,4-trisubstituted benzene ring, one dihydroxyethyl and two methoxyl groups. Since the nuclear Overhauser enhancement and exchange spectroscopy (NOESY) spectrum showed the following cross-peaks: H-1Ј/H-2, H-1Ј/H-6, and H-1Ј/glucosyl H-1 (Fig. 2) , 3 was suggested to be 1Ј- (3,4- 
The absolute configuration at C-1Ј was deduced to be R from its [M] D value (Ϫ313°), which was negative as was (1RЈ)-1Ј-(3-hydroxy-4-methoxyphenyl)ethane-1Ј,2Ј-diol (Ϫ42°) 2a) when calculated using the value for methyl b-D-glucopyranoside (Ϫ62°, 3Ϫmethyl b-D-glucopyranosideϭϪ251°). (Tables 1 and  2 ). The absolute configuration at C-1Ј of 4 was shown to be R for the same reason as described for
We also investigated the ether-soluble portion of the fruit in the hope of isolating anethole related compounds, and compounds 7 to 11 were obtained as described in Experimental.
Compound 7 (Tables 1 and 2 ) with those of erythroand threo-anethole (12 and 13), 2b) and the molecular formula revealed that 7 is an oxidation product of anethole with an epoxy ring between C-1Ј and C-2Ј. The following NOE interactions were observed: H-1Ј/H-6, H-2Ј/H-2 and H-1Ј/H 3 -3Ј in the NOESY spectrum (Fig. 2) , suggesting that the stereochemical relation between C-1Ј and C-2Ј of 7 should be threo. Thus, 7 was characterized as threo-epoxyanethole. As 7 has no optical rotation, it was considered to be an equivalent mixture of optical isomers the same as 12 and 13. Fennel contains 3-8% essential oil comprising 57-82% anethole and 6-27% p-ansaldehyde (14), 8) and 14 is regarded as a compound of an auto-oxidation product of anethole while the fennel is preserved. 9) Thus, the composition of 14 is believed useful for characterizing the quality of medicine. 10) As compounds 7, 8, 12 and 13, which were obtained as anethole-related constituents of fennel, 11) are also regarded as auto-oxidation products of anethole, the oxidation process is proposed as shown in Chart 1.
Experimental
Alumina column chromatography was carried out using neutral aluminum oxide (grade III, Woelm). CI-MS was taken on a JEOL JMS D-300 spectrometer. The other instruments used and the experimental conditions for obtaining spectral data and for chromatography were the same as described in the preceding paper.
1)
Extraction and Isolation of 1 to 13 As reported in the previous paper, commercial fennel (2.0 kg) was extracted with methanol. The methanol extract (329.4 g) was partitioned into ether-water, then ethyl acetate-water, -5/C-4, -7, -10, -1Ј; H-8/C-6, -7, -9, -10 ; CH 3 a/C-2, -3, -CH 3 b; CH 3 b/C-2, -3, -CH 3 a; H 2 -1Ј/C-5, -6, -7, -2Ј; H-Glc-1/C-7.
Acid Hydrolysis of 1 Glycoside 1 (8 mg) was dissolved in aq. 2 N H 2 SO 4 and heated in a water bath for 3 h. The reaction mixture of hydrolysate was neutralized with NaHCO 3 , the salt was filtered off, and the filtrate was chromatographed over silica gel [CHCl 3 -MeOH-H 2 O (7 : 3 : 0.5)]. (1R)-1-(3,4-Dimethoxyphenyl)ethane-1,2-diol 2-O-b 
